Introduction

56
The way we process and react to food cues is linked to unhealthy eating and obesity. 57 2.4. Selection of stimuli 142 Food images for the AAT and the picture-sorting task were selected from the food-pics 143 database 23 and categorized into healthy and unhealthy according to 4 . Only images that 144 were clearly identified as healthy or unhealthy were included 4 . 145 2.5. Neuroimaging 146 We collected resting-state (pre-AAT and post-AAT), task-related and anatomical 147 neuroimaging data. Data were acquired using a 3T Siemens SKYRA scanner with a 20-148 channel head coil. For the AAT, 1104 T2*-weighted images were collected (TE=22ms, 149 FA=90 o , TR=2000ms, 40 slices, voxel size: 3.0x3.0x2.5mm 3 , distance factor: 20%, FoV: 150 192x192mm 2 , ascending order). 2*320 open-eyes resting-state T2*-weighted images 151 were acquired using the same parameters. High-resolution anatomical MPRAGE image 152 was acquired for each participant (TE=2.01ms, FA=9 o , TR=2300ms, TI=900ms, voxel 153 size: 1x1x1mm 3 , distance factor: 50%, FoV: 256x256mm 2 ). 154 2.6. Data analyses 155 2.6.1. Behavioral analysis 156 Mean reaction times were calculated for both picture categories (healthy/unhealthy food) 157 and for both conditions (avoid/approach) during all three phases of the experiment. Bias 158 scores were calculated as difference scores per category and condition: [healthy_push-159 healthy_pull] and [unhealthy_push-unhealthy_pull] . Positive scores reflect faster 160 approach reactions for the respective food category, while negative scores indicate faster 161 avoidance reactions. 162 No subject had to be excluded due to outliers or error rate. Outliers were defined as mean 163 reaction times below or above 2 standard deviations from the group mean. The task was 164 performed with high accuracy (mean = 97%, SD=3.23%). 165 During the pre-phase, bias scores significantly differing from zero would reflect baseline 166 behavioral tendencies. Further, to ensure that no baseline group differences were 167 present, we compared bias scores of training and the sham-training group. Analyses were 168 carried out using one-sample and independent-samples t-tests, respectively. 169 Changes from pre to post were analyzed using a 2x2x2 rmANOVA. training) was used as a between-subject factor, and image category (healthy/unhealthy) 171 and time (pre/post) as within-subject factors. We followed up by testing if bias scores 172 significantly differed from zero in the post-phase with t-tests. picture category) revealed significant clusters in the right angular gyrus (rAG) and the 288 cuneus ( Figure 3A ). Food avoidance activations were driven by the unhealthy food 289 category (push>pull for unhealthy food). For the general approach for food (pull>push),
290
we found a significant cluster in the left postcentral gyrus ( Figure 3B , Table 2 ). We found 291 no further significant results and did not find group differences for above-mentioned 292 contrasts. We consistently found the rAG to be associated with unhealthy food avoidance and the 310 effects of CBM, and therefore performed PPI analysis with the rAG as the seed. We 311 compared connectivity differences for unhealthy food avoidance between pre-and post-312 phases. This analysis showed a significant cluster in the rSFG/rMFG and in the right 313 caudate/putamen, indicating that connectivity between the rAG and these structures 314 increased post-training in the training group ( Similar to SCA, DC describes task-independent connectivity changes within the brain.
324
These changes, however, are general and not specific to chosen ROIs. In our study this 325 analysis did not produce any significant results. in reward-related brain regions, or b) increasing inhibitory abilities and affecting brain 333 regions engaged in inhibitory processing and cognitive control. We found that all 334 participants showed faster approach than avoidance reactions towards healthy and 335 unhealthy food images, suggesting that approaching food is an automatic process. This 336 was paralleled by our findings on the neural level, where the rAG showed higher activation 337 for avoiding food -a potentially conflicting situation. The rAG is a part of the 338 temporoparietal junction (TPJ), which is often related to both processing of social cues 339 and attentional processes 26, 27 . CBM specifically affected the training group, where 340 approach tendencies towards unhealthy food were successfully decreased. This was 341 related to a lower activation in the rAG after training. Additionally, we observed group-342 specific changes in resting-state connectivity between inhibitory regions, such as the 343 MFG or the IFG 28-31 , and in task-related connectivity between the rAG and the right 344 caudate/putamen (dorsal striatum). Avoiding food thus appears to be a potentially 345 conflicting situation, requiring activation of inhibitory and conflict resolution brain 346 mechanisms. CBM seems to decrease this demand by means of strengthening 347 connectivity between inhibitory brain regions. Further, we found no evidence for altered 348 reward valuation of food stimuli after CBM in both behavioral and imaging data.
349
As mentioned, avoiding food was related to higher activity of the rAG -a part of the TPJ. 350 Bzdok and colleagues showed that the right TPJ links two brain networks integrating For unhealthy food avoidance, we found increased post-training task-related connectivity 366 between the rAG and the dorsal striatum, which is related to stimulus-response learning, 367 executive attention and exerting cognitive control [39] [40] [41] [42] [43] . Increased connectivity between the 368 dorsal striatum and rAG was previously related to explicit usage of learned stimulus- the alcohol context, are more of a reflective process, thus requiring longer training.
387
However, a previous intervention study in obese individuals, applying food response 388 inhibition training over a four week period, found decreased brain activations in the insula, 389 inferior parietal lobe and putamen 47 . It seems that a longer training in the food context 390 elicits changes in brain areas similar to those in our study. Hence, an alternative 391 explanation of discrepancies between results in the food and alcohol context is that 392 training in the food context works in a different way, possibly because food biases may 393 depend in a different neural network.
394
It is important to consider limitations of this study. Firstly, sample size was moderate (33 395 participants). Secondly, CBM effects did not translate to the picture-sorting task, which 396 aimed to assess explicit evaluations of food stimuli. This could point towards CBM training 397 inhibition rather than affecting evaluation processes. This lack of transfer from implicit 398 training to explicit evaluation is in correspondence with the lack of neuronal effects in 399 valuation areas. Further, our training only focused on healthy and unhealthy categories 400 without additional divisions, e.g. into sweet and savory. This may decrease the sensitivity 401 of our analyses and may be related to lack of effects on the picture-sorting task. Also, we 402 compared approach and avoidance tendencies between healthy and unhealthy food 403 images, not including neutral images of non-food objects. Further, due to ethical reasons, 404 we did not train obese participants to approach unhealthy and avoid healthy food cues.
405
Importantly, we do not show effects of training on food intake, which was not assessed in 406 this study. This is a main goal of CBM studies and has only been investigated to a small 407 degree 17, 48 . Future studies should implement CBM interventions in real-life settings, 408 assessing its impact on eating behavior.
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However, our study provides a basis for future studies on food approach bias 410 modification, which could focus on specifically strengthening inhibitory control, especially 411 regarding unhealthy food. Additionally, showing that already one CBM session can modify 412 approach tendencies in the laboratory context is very promising. In conclusion, we were 413 able to show that obese individuals have automatic approach tendencies towards food. 414 We further present a possibility to retrain and decrease approach tendencies, especially 415 towards unhealthy foods, and give insight into underlying neural mechanisms. This study 416 could constitute a basis for intervention programs utilizing similar behavioral paradigms.
417
We suggest that these studies implement longer training periods, similar to ones used 418 with alcohol-dependent patients. Further, trainings should specifically aim at 419 strengthening inhibition, specifically towards unhealthy food, rather than encouraging 420 approach towards healthy food, as often done in weight loss programs. Additionally, by 421 showing neural correlates of CBM, our results contribute to possible brain stimulation 422 research focusing on decreasing approach bias towards food. 
